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REPLACEMENT OF THE COENZYME OF THIAMINASE BY CERTAIN
NITROGEr COMPOUND8 

R. I. Tatarskaya

The A. N. Bakh Institute of Biochemistry, Academy of
Sciences USSR, ,Moscow.

In previously published papers j1,21 it has been shown
that thiam4nnase coenzyme is of widespread occurrence in animal
tissues, quite apart from the questioL of wiiether or not these
tissues exhibit any thiaminase activity. The considerable resis-
tance of cothiaminase to severe hydrolysis by acids and alkalies
testifies that it is a relatively simple substance; in the free
state it was found to be easily soluble in water, alcohol and
acetone, and insoluble :n hydrocarbon solvents.

Further researches have established that there is
apparently no phosphorus in the cothlaminase molecule, but that
nitrogen enters into its composition. In agreement with this,
cothiaminase wa6 precipitated by phosphotungstic acid (though
indeed incompletely) and in an electric field it moved toward the
cathode.

The properties of cothiaminase as a nitrogenous base
have been utilized by us for the purification of this substance.
!n conjunction therewith, we thought it expedient to take up ;ne
study of how apothiaminase was acted upon by various simple
nitrogen compounds of biological origin. Our expectation was
that the r6le of cothliaminase ight be imitated by some nitro-
gencus substance of known structure.

As these stuwtes were ust beg-.nntng, a sertes of papers
us pibltshe d by Sealook et al. 13j, tn whtch Lt uas reported
that. the ortho-, meta- and pxyra-tsomers of" substttuted synthettc
aromit&c -zm0ta of ct,fferent degrees of complextty have an efjfeot
on thtaminase and moreover, the e9ffect ts not the same / n each
of the three oa8es8. Thus the ortho-substttuted tsomers were
tnhtb-,cors of thtatnase, the meta-tsomers were aottvators,
whtle the para-tsomers e*Lthr were neutral or sltghtj Lnhtbtte
the enzime. Using a r elatt'vell stLple substance, meta-nttro-
antltne, Sealook and hts a sootates showed that when thtaratnase
t3 spltt by tht.rn;tnaee tn tt~e preseroe of an exoess of the satid
erLabstanoe, tt enters tnto omobtnatton with the pLrtmtdtne motety

_ CertaM parts of this work wiere carried out with the participation of two
graduate students of te Fualty of aimaJ .. 'ochemistry, Moscow National
University, namely Ye. V. i tdilova and S. . Pavlov.
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of the thtantne by wp of tt8 atno group, whti the th asoe.
ts -berated tn the free stcLte. 41.

In 1944 Kramptt.z and Woolley had potnted out tht t-
the sp1,ttttng of thtatna by thiamtna.pe thes pyrtttne r3stcde
o.f the vttamtn tntttally unttes wtth some not pet t.entifted
8ubstlaoe, and only tn a seoond phase of the 8plbltting does Lt
appear itn the free state. Seaook, on the bat.s of these eXpert-
mente, euggeets that the meta-nttroantltne used by htmself he
aubatttuted tn tha role of the eat14 non-tdenttfted natural 8ub-

stance, and that the latter substanoe wals ohetoally of an o t-r e ti
n aue.

There are well-known papers tn the itterture wht h
desrtbe attempts to tao,te jrom. th reactton-txture the tnter-
medc.ate oompound of the pl!rtntdine 7-otety with tNe unknown sub-
ataroe 161, but the structure of thta subst b n oe has so 'far
remc&Ltned ueetablt wthd,. It ts however L ergtiong that tfbe
tnseattgatore found tt to oontal-n oxygen, nttrogen and, asunir.
The work iras oarrted out not wtth oarp thtcmtnase, bu with t-at-
qf bbua11 ve ro'l7Uah, the Lattn name of whtoh was not gtven.

As indicated above, the natural coenzyme of thiaminase,
according to our findings, .s a nitrigeneous substance. Therefore
we cannot exclude the possibility that its participation in th.-
enzymatic reaction involves precisely the formation of the inter-
mediate compound with the pyrimidine moiety, accordr 'g to the
mechanism discovered by Krampitz and Wooley and confirmed by K>
Sealock et al.

We first of all tried out nitro en heterocyclic com-
pounds substituted in the third position (with the N atom as the
first position) and aliphatic 0-ani.no coupounds (0-alanina,
P-phenylalanine5 , that is, in a certain sense the analogs of Sea-
lock's meta-substituted ariines. We also investigated compounds
of other types (a-anrino acids, dipeptides, nitrogen compounds
simultaneously containing nitrogen both in the heterocycle and
in the form of an amino group, and othcrs).

It was found, as we shall explain below, that tin
activating effect, similar to the action of the thiaminase coenzyme,
was exhibited by many nitrogenous substances of biologica origin,
substances moreover not of ore but of several types of structure.
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EXPERI MENTAL PART

0. MATERIALS ,MD PROCEDURE

The enzyme was prodLoced tn the jor of a salt-water
extract from carp viscera, treated wtth oaetonc ad . d o-J n
vacuo over P.O. (for detal le, see 11 Both non-dta.!Jsed and
dtalised nxtra.s; were tested. The latter were produced ty
ut 7y4sts tnto twtoe-tsttlled toe-water for a pertod of 48 hours
and were dtvtd ed tnto small porttons whtoh were kept tn the
.frosen state. A solutton qf the ooenym 7 was produced by heattng
a bL&.bI WUJdt.7 tfdxuraac LO 0.3orp muscle over a botltnf wat- bath.
The sample mtxtures were madle up tn the usual manner 1,2j, and
the d~taly8ed and no-dtalysed extracts were porttoned out ror
ea oh sample tn suoih a way that the quanttty corresponded to 8-10 m9
of the tntttal dry vitsoeral preparation. The quanttLt of thtawtne
tn the sample as usually 0.125 mg. A borate butffer was used,
of pH 7.4. Soluttons of the test substances, taken tn pre-
deterntned oonoentratLone, were brought to pH -7. The total
volume of the sample varted tn d.tffeent tets tfrom 5 to 7 mt.
Inoubatton was at 370C for 2 hours. The reactton was stopped by
the oaodttton of an equwl volume of 10% CCl.0Q0H.

Cheoks were matnta, ned on the followtng: the fluor-
esoence f the rviagents; the fluoresoence of the test substanoe;
the tr fluenoe of the test substo.noe tn thtaitne determtnit tons
by the thtochrome rethod (vertjoatton of acmpleteness t/ ttamunne
determtnatton; qL'-nttty of potaa8twu ferrtoantde suffiq'oi.ent for
complete oxtdLtt. .i.

The maxtmwum amount of thtoantne tn 5 ml of solutton at
the analytto d tlutton was 2 g.

2. EXPERIMENTS WITH SUBSTANC-S CONTAINING TIH
PYRIDINE NUCLEUS

I. Nicotinic (pyridine-3-carboxylic) acid and
nicotinamide.

Both substances were tested in final dilutions of 2.10-2
to 510o-* M. Both of them activated thiaminase, but the first
one showed itself to be an incomparably strorger activator than
the second (Fig.1). The nicotinic acid gave activation curves
superficially quite similar to tnose obtainel with the coenzyme
extract. Saturation of the apoenzyme (a plateau on the activa-
tion curve) was produced by nicotinic acid at a final concentration
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of about 5"10-3 U of this substance. A distinct activation ws
already detected when the nicotinic acid concertration was at
-5i0-6 U (Fig.1). 0

II. Pyridoxine (2-methy!-3-hydroxy-4,5-
-dihydroxymethylpyridine).

This substance was tested in final dilutions of 1.7"10-2
to 5.5"10-4 M and was found to be inactive as regards both the
apoenzyme and the holoenzyme.

III. The alkaloids nicotine and anabasine
(3-N-inethvlpvr^ei ryl-2]-pyridine and 3-[piperidyl-2-]

-pyridine)*.

In the anabasine molecule the nitrogen in the piperidine
ring is in the form of an imine group; in the nic-otine molecule
the nitrogen in the pyrrolidine ring is methylated. These sub-
stances were tested in final dilutions of 3.10-2 to 410-3 M.
Activation was detected even at the minimum experimental con-
centrations of both these alkaloids, with anabasine raising the
activity of the system to n higher level than nicotine. Activa-
tion occurred both with the apoenzyre and the holoenzyme. It is
characteristic that the activation curve shows a slump toward
the horizontal axis with increase in the activator concentration

3. TESTS WITH AMINO ACIDS, DIPEPTIDES AND ACID AMIDES

As stated above, our initial experiments were made on
the 0-amino acids but later we also used the a-amino acids ...
monoamino-monocarboxylic monoamino-dicarboxylic and hexone
bases L asic amino azids8. Table I gives a summu.-y of the results
obtained. From examination of this Table it follows that the
diffe~ant amino acids are not equally effective in their action
on thiamine. The simplest of the amino acids, glycine showed
itself to be practically inactive. Alanine (a- and - , serine
and lysine exhibited a small activity (Fig.3), but the amino
acids containing ring structures in the -position (phenyl-
alanine, tyrosine, histidine) were incomparably more active.
Cysteine stands by ttself; it qctivates thiaminase more strongly

* Pure preparations of these alkaloids were kindly su~plied to
us by 0. S. Il'yIn.
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and in more minute concentrations than any other amino cold.
Methionine, containing a methylated sulfur atom, corresponds
in strength of. activation to the aromatic amino acids.

The dicarboxylic acids ... glutamic and aspartic ...
and the amide of one of them ... aspartic acid ... were found
to have no effect; p-amino benzoyl-glutamic acid did indeed cause
an inhibition, but not to the point of complete loss of activity.
On the other hand, the dipeptide 0-alanyl-histidine (carnosine)
occupied an intermediate position as regards its effect, midway
between its two component amino acids.

in the case of a number of the strongly activatirg sub-
stances, histidine, phenylalanine, carnosine, it was found possible
to get activation curves with a plateau, like the curves obtained
with the coenzyme extract. For this it was only necessary,

-9!Ar~11vy. to reduce the concentration of the enzyn p~ntein.

Beside the groups of compounds enumerated above, we
also tested certain other substances: creatine, guanidine, and
others (see Table 2). Among then not onc waz found which pro-
duced an activation of apothiaminase.

Table 2

Effect on thiamine of different biologically active nitrogen com-
pounds. (Abbreviations as in Table 1.)

Substance Tested on: Range of concentrations
studied In moles.

Adenosine ae 510 -3-1.10 -3

Adenosine-triphosphoric _- -4
acid af, he 1I 0 -8 10

Creatine ae, he 1No actionCrealneaehe I]O--B'O -4 de~ec ted

Creatinine 
ae 1.4-10 2-4.5,10

- 4

-2 -

Gaanidine ae 3.310 -4 0

-2 -3
Urea he 1"10 -1.25"10

o- 5-
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4. EXISTENCE ESTABLISHED OF COMPETITION BETWEEN UPJ iT.TUr.E
ACTIVATORS(NITROGEN COMPOUNDS BIOLOGICAL ORIGIN)

AND THE NATURAL CONZYME

It naturally occurred to us to enquire whether there

is, :or the enzyme protein, no difference between activation by

the nitrogen cc ou- d- and the natural coenzyme. To settle this

question, we conducted a series of experiments, in which the

enzyme was activated by the coenzyme in conjunction with the

"substitute" activators (a-alanine, 0-alanint, -phenylalanine,
cysteine). What these experiments showed was that the activity

of the apoenzyme + pheuylalanine system was higher than the

activity of the apoenzyme + phenirlalanine + coenzye system (the
2'.r- ; cture wa- bo 71,, tne case of cysteine and the other
activators), but the level of activity of the a oezytme + coenzyme

system was increased when activators were added (Fv.4, A and B).

To decide the question uf which component (the natural
coenzyme or tne substittute activator) has the greatest activity
with respect to the enzyme protein, we used, in a number of sub-

sequent experiments, 0-phenylalanine as substiiuLe a¢±lAv'tor.
For these tests, we took a mixture of the coenzyme and phenyl-

alanine, prepared by dissolving the latter substance, in a con-

centration of 3.310-9 M, in the boiled coenzyme extract. The

result of one such test is shown in Fig.5.

We fof7 see that with a uniform Increase in the con-

centration of both reagents the effect of the coenzyme becomes

predominant. Our attention is drawn to the initial portionf e

the curves. The activity level in the beginning part of the

coenzyme + phenylalanine curve is considerably higher than in

thm corresponding parts of the curves found for each ccmponcnt
separately, at the same concentration of either of them. This

may be understood on the basis of the assumption that at the
start there is enzyme protein in excess; i.t is not saturtted wnen

the mixture of 'oth activators is added to it in slal amounts.

The result of this is that at first there is an ad&dltion of tr.e

effects of both components of the mixture (comp-.are with 1e

dotted line, which is the calculated sum of the crves for tre

coensyme and for the phenylalanine taken separateiy). 7iowevcr,
with increase in the concentrations of the two acti'nitors added

as a mixture, the phenylalanine is displaced by the coenuz}ye, and

the effect of its presence becomes less and less perceptible. 7t

is evident that the activators compete with one another for the

protein, and that the affinity of the natural coerz..z;e for the

protein, under the conditions of our experiments, is treatpr than
the affinity of the substitute activator (phenyalanne' for

the protein. This theory, it seems, also holds good in the case

of the other amino acids. With respect to phenylalanine, which

with the protein yields a more active complex than does the
natural coenzyme, the said coenzyme aco . as a kind of inhibitor.

-6-



Fromi this potnt o u.11 vt i~t t& tnrnerea3 n to "a~a
teaotItxiton curv'es obtatfnec2 bu us p''zO3L a

from a btlxioe mrolluso ... t he MaLcjotne 3COZ o P e"
the thtanztncase f,,om a ooelente-atu. . the Act il;ll " It -.
p os s tb Ie t Na.t t he a teep rnazztmwr ojf act t i"I;o r. wt c 'I-, c 7- ed
witth grduLy61 tnoreasLtnj additions of th7e coer WT-e eta
ts aaractr~ts".c of these czurves; i~t i~s connrec-ed vt tho
presence in the siystem not of, one but of saver&atu c§.
possesstnig ueqw.L u, fftntt tes for the, Eoflj7 prot,3(,c~r uneq-"
lottvt~tng capaciCties.

It is worthwhtle to to-u4ch upnone ace juestton. As
we hiave areadp poi~ntedi out na previtoLL, cor r -catLtorn i !ue
ctacovered cothtamtnase aot-L'tLy Urt'sLprcr. ,ri.d'rn
aaitna organs anid ttseues, lbut v~ere uiia-,be to -%k, Lt -.r -,;a r's
1yeast. It %cs since becom.-e clear t oct or ,eaLst extra.;cts COr--
tatned a substance or 8ubs turxes wthexerted LLua.td nhbt
tng ef~feot on thlantriase. Thf..s prevented us f'ror-,x> h
coenzsyme in the yeasts.

Th smety pe o,-f e-0 ot on tktam~rasta ~'" u :r cts

of t he t tss uesa of a ma r tne -;o " tu s , t 'ie MyVus, 0jts aCJ hyd
ys Fg. 6, A a nd B) The intal parts pf tihe a~t

curvtes ob.tat.ned wi~th t7"iese extracts c'OearL;) point to the prosence
of an activator in tho7., In the ,urther cou-rse o" thVw-e
me,'re is a fa.11 4 n the Level~ of ttvybe.' e tm;Le,
aipparentl~.. wider the 4r~fluence of a cae~ np~~'.e0 C .oncerntng su~. nhtiod one htcyZt-a " civ.oa
'W'htch raise18 the aot tt; of) taazinae t u3y a 'aJ o
16VOL, but whtoh ~cesa gre~.t fityorte zd17.*3~ r~

Tedata obtainncd Jo not, 5111aiy jc"
that coenzymne extracts ob-tained fro-, dlfffa:-.en; o
ferent living,, cr'eatures contain orne aotne zsamate v ' f~
Pather- we should conclude that th-,e opnocIte ~
Find~ng a precise answer to this questi.on is a t'sk fo0u e
but at the present msoment, at any rate--, we mu-zy -ttn Is
a considerable similarity In the effec ts of tne natu;ral.~.r~
and the substitute activators investiigated by as.

THICLIC POISONS /D- II::ocq - ' OY S::2---':c:>::L R
1 l-- PROCESS OF AC7YAO J- AP;.

ACTIVATIDN BY >Z T:TtY2 ACTIVA70R3

Thiarninase IS hignly senS~tiVe to tre-ta:. eta.s

regarrs the strength of their actio- on thilamlnase, tne t e avy

metal ions may be arranged in the rollowing series: -Hig* C1+4 >

> 1'e > Fe"4 (Table 3). -7-



Table 3
Action on thiaminase of heavy meta' ions. A

Ions Threshhold Concentration
concentration sufficient for full
in moles inhibition of the

enzyme, in moles.

Hg 310- 5 110- 7

Cut +  I.2,10- 4  4 10 - 4

F++  £•0 - 4 I"0 -

Pe 3 U No full
inh bit o n

The thiolic ooisons likewise sho. ed themselves to be
efficient inhibitors of thia-inasc. Iodoacet mide produced a
noticeable inhibition at a concentration of 0.02 1; at 0.04 M
there was a strong inhibition, but not yet a complete loss of
the enzymatic activity. Luch Ptronger is the action of mercury
p-chlorobenzoate, which produced P marked inhibition even at a
concentration less than 1,10- M and a complete inhibition at
1*10-4 M.

In our endeavors to investigate the mechanism of thia-
minasic action, we attempted to suppres,- the poisoning caused
by mercury p-chlorobenzoate by use of the boiled coenzyme
extract. We did indeed find tt .t the addition o' this extract
weakened the action of the inhibitor, and that the removal of
the inhibition was the more effective, the Alore coenzyme solution
was added (Fig.7). But in view of the fact that the coenzyme
extract used is a complex mixture of different substances, we
employed, in subsequent experiments on the removal of the
Innibition, a pure solution of 0-phenylalanine, concerning which
we already knew that it occupied the same areas on the enzy-'
protein Ziolecule7 as the coenzyme did, and that its affinity
for the protein was less than that of the coenzyme.

It was foun" that the system apoenzyme + phenylalanine
was considerably more sensitive to mercury p-chlorobenzoate than
the e-stem apoenzyme + coenzyme extract. A concentration of
~5"10 -6 % Zf the inhibitor was already sufficient to produce a
distinct inhibiting effect. But still other differences ape
obseWvod with pnenylalanine. As is evident .'om Vig.8, a
sevC~ral-A'old increase of the phenylalanine concentration does
not produce any weakening of the effect of a thiolic poison ...
in the presence of the lattar, the activity of the system remains
at just ,.he sare level at all our experimental points, that is,
the curve of the activa;ion of the enzyme by phenylalanine goes
onto its p'ateau even at minimal doses of the activator. With

-.8-
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the same doses of thle activator without th'e in'n2.itor, th-'e a ci -
vation carve will still rise, reaching Its Dae ryu

maximum dose s of preniylalanine.
Our findings may lbe iJnterp reted t~tt~

in.,ibi-cor blocks thfose gvo,.,)s on tne proteir~~~ew~~~c
pherylalanine reacts to f1orm tre active co'-,, ex, neIn:.
experiment described th e qa nt!,ity of me i - r, '1b x' rz~ x~ s
in all the samples, so too tne rel3t-ve quan~ tj of ~csk&and
free groups remains t.he same in all caseS, -iy neaser Cof i
relative:ly small affinity for the protein, p!'inylal&n~ine in thje
corncentrations used is not able to displace nn;:o,
it is nevertheless capable of sat.urating areas L/7n tpe rotein.
inoJecule7 v iich are free of thte inhibitor already added in -minirmal
amounts.

Since the inhibitor in questiLon -is a thI.iollc poison,
It is possible that the blocking of Sli groups hInlders the formation
of the active complex, and perhiaps it is with these groups on
the protein that the substitute activators and the coenzyme enter
into reaction in the enzymatic splitting of thiamine.

Q6. ACTION OF HYDTZOGEN1 SULFIDE ON THIA14INTASE

As might be expected on the basis of the experiments
with the heavy metal ions and the tthiolic poisons, hydrogen sul-
fide exerts a strong activating effect on thiaminase. In this
effect, certain features stand out. Thius dil"ferent activation-
effects were observed when water containing iydrogen sulfide was
added to the dialysed enzyme and to the system saturated with
the coenzymne, In thie preiaerce of the coenzyme, practically no
activation occurred when the concentration of hydrogenq sulfide
was small. But here too it wa"' possible, by increas;ing the coa-
Centration of H2S, to Lsigftten the activity somewhat. Control
experiments showed that the activating capacity of the coonzyme
extract was unchanged after a preliminary treatment with hydrogen
sulfide. Thus we have to conclude that the action of H12 S is not
on the activator solution, but on the enzyme protein. The
observed relationships superficially resembled those found when
the coenzyme and the substitute activators were simultaneously
added to the enzyme protein ... the same '-ompetition between the
two activating principle 3. The experiments3 carried out have
once again emphasized the important part played by sulfhydryl
groups in the enzymatic reaction here studied, and likt.wise that
it is with these functional groups of the protein that the
reaction between the protein and the activator takes place.

0 -9-



DISCT.SSION OF THE 'RESULTS

From what has been said, it is seen that an r ctivating
effect Dn carp thiaminase is exhibited by many nitrojan comounds
of biological origin, compounds very different in t~eir chemical
structure (these same substances also activate carp holothiarninase
which, as was pointed out in a previously published article i21
is usually extracted from the tissues in a rnon-coenzyrne-sa turated
state). We also find among the activators both cyclic and ali-
phatic structures; the nitrogen in them is contained either in.
the heterocycle or in the formn of an amino group, or in both these
forms simultaneously. Besides a polar group of basic character,
all the activators contain at least on& other polar group; as a
rule, an acid group.

The importance of the acid group may be seen from the
example of nicotinic acid versus ninotinamide (the action of the
second is considerably inferior in comparison with the action of
the first) and also of pyridoxine, which has no activating effect
at all.

For there to be an activating effect, it is not necessary
that the active groups should be exclusively, in the n'-or P-posi~tion
relative to one another; this follows from the facs that tHe
a-amino acids likewise will activate.

Complete inactivity relative to thiaminase was shown by
maynitrogen compounds highly important in other connections:

ATP, adenosine, oreatine, creatinine, urea, guanidine; also by
glycine, the simplest amino acid, and by the dicarboxylic amino
acids.

In a class by themsleves are the experiments on the acti-
vation of thiaminase by the alkaloids, nicotine and ariabasine0
In spite of the fact that in their molecules there are no groups
with acid properties, these substances showed themseiven to have
a distinct aetivating effect. Moreover, in contrast to the other
activators, they gave curves with a pronounced maximum. It is
not yet possible to say whether the mechanism is identical in the
case of the alkaloids on the one hand and the other investigated
substances on the other, but the activating effects of nicotine
and anabasine serve to Illustrate the routes whereby alkaloids
introduced into the organism exert on it a specific pharmacologicai
action: namely, by directly influencing this or that enzyme
sys tern.

As for the mechanism of action of the substitute acti-
vptors, we should first of all point out that there are no grounds
for assuming them to play a s4mple protective role.

At the temperature of 37 0C0 adoptedi by us tn our deter.-
atnattone qf thtamtlaz.e caottvtty, thits substanoe ta quite stablie#
and is veryj little ohan ied even a..fter a Xot.'-hoUr incubattion.
The addtionl of phenyla 1anine to the thtwmtnaae during tits tneu-
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ba t1. or, do7e s o t aje ot t he oren er'o crn o, C%: tr,;:,;7.

cabt1tttbj to b-e acttixted, bj , this aczmeh phen-' ~ ZC

?ha7-ve no grounds I,. -r cr t o, .g t10- efj'cct ofr tk
aL cO?7nterCLftnp o '-I poztsonfng 2hj. the 40CLLu rteta-l ~rr~
havc alrevdij tnzdtcatea, tohe adckoed actil'a-tor- .3tep %,j
vitti' not onli1 o" sn~othtarrise obta ?ro} j CC2J
ttlfbed lxmter, but eis a rz47e t~~ .~ Loao C~.-C

nase itn thal 'fori'% z-. ch, t; zs -eound. tn th-:t.
tt t s clea~r fro.' oi.r oxnr'merntS th rcr- I- o~o
and al~so wttth h~jda'ofjen. su'4,fUid abtC h~ o
is c-l',eczdb protcc 'i.- CUanct Sucth oT7iLL wn~t; ~ D

tons a~s madii be cont t,,d n Lt. anr2/ tn.t tr'L~epatc.ur
phenc(lalnivne, Lo Uto~~ 'cvxt~btJ.CLZt 5-.

so feeble a protector L-;.rs i thltoltc potaon, h"s yuteOtf
Xere8fL m.E;chanft.snf under ; n i t

The &Lf )ferences tn the degree of aoictrkobserved
upon the oadttion of txartous am.tno acluds, aovd pa~rttcularLb t, e
absence of and ccttvatton when the di-boxjflic czds are used,
Ithewtse tndtoate a mohanism other thacn a protocttve effPeot,

On trie other hand, the competitive relationshiips which
we have shown to exist between the natural cnzmeand thie sub-
stitute activators speak for a more profound participation off the
latter substaiiccs in the qnzyrmatic reaction, rathier- than a simple
protective function exerc.ised by them; indeed, they indicate a
good deal of resemblene.e between. the actions of the natural coen-
zymne and of the substitute activators. From the data obtained,a it is clear that both the natural coenzyme and the subst~tUte
activators, to exert their activating effect, enter into reaction
with the sulfhydryl groups of the enzyme protein.

There i~s reG,1. sgnieficui-tce tn the qeat ton of how we
are to vtsualtie thts reaotton between the actitvators of thtamt-
nase and ttshid groups., Ltnderstr&s-Lano- 171 hasin-

cate theprobabilttty of thta~o1tdtne rtngs existtng tn protetns: '

labtlie rings capable of breaktng iup (fror instance, under the
actton of amm~ontum sa.ltv) to forim 3Sf1 groups. It ts interesttng
to compare this notion u'ith the da~ta obtaLneL bbi us on the actt-
txition of Anodonta thiotase byj wammIoniwVL sal7ts. In the presence
o~f .mmonta.m chloride the activity of thts type of thtamtrwIse
mark~ed1ly increased up to a. conoent rat ton of 5-6%, after whiclh t
bega~n to decline. A naitural expLanaztton of the phenomnenon is
just thta asstwpt ion that free Sf1 groups are formed, in accordance
with the mechanism descrt~bed bU ILtnderstrm-LLnj In the case
of carp thtaimriase, however, aranZoflbW7m silts show~L;, thernselves
tnactive. We are not in possesston of any dLutu re the effect
of amtno acids and, stmtLar substances on the th u-o~idtnes. It
ts knot=i that urea and guani.ne are not cupuble ,)f .Sp1Itttng
these. rtnj8 ~j; tt ts possible that hethtaminase acttititors
too are tnoapable of bringtng about such a react ton. But as
follows from the ftndtnqs of Puasgnskt and Cherniak j~j the reactt-
vity of SH groups ta irnoreased Ln a soLution containtng Loo-
zmoleoula am&ino oompownds. PoasibLi the aotion of the nitrogen
compounds wMtohi are CLt iixztors of th aamnasa depends on a stnilar
effec0t. 11ii



There is now a questic- on which we should like to
dwell: namely whether there is not a plurality of thiaminas
activators, behaving like the natural coenzyme of this substance.
There are some observations which may be explaied as indirect
evidnce for the possibilitj of substitution of one substanc: for
another in a prosthetic group of enzyme. Thus we know that in
pellagra a therapeutic action has been shown for not only nico-
tinic acid, the lack of which is the direct cause of the ailrnt,
but also for its analogs, quinoline-carboxylic acid, pyrazine-
carboxylic acid and 2,3-pyrazine-dicarboxylic acid (quoted fri'om ilO).
The possibility is not e.xcluded that the cothiaminasic noLvity
of extracts frcm the organs and tissues of various living creatures
likewise involves different, even though similar, substances.
Here we should emphasize that the affinity of the natural enzyme
from carp tissues for protein of carp thiaminase was found to be
higher than the affinity, for this protein, of tu.e substitute
activators which we investigated. Consequently, tiue structure of
the natural coenzyme must involve some important properties dis-
tinguishing it from the substitute activators. Preliminary experi-
ments in which solutions of thiaminase coenzyme were Lreated witht
sodium nitrite have shown that the nitrogen in them is not ir
the form of an amino group. At this +i.me we have at our disposal
purified, but not yet pure, preparations of the coenzyme from carp
tissues. The properties of these preparations favor the view that
the coenzyme of thiaminase is very probably a simpler substance
than the coenzymes of other enzymes.

Generally speaking, cases are known in which amino
acids show themselves .apable of substituting for a coenzyme,
Thus phospho-mono-esterase (alkali phosphatase) is partially
reactivated by the addition of hystidine and other amino acids.
Lowever, for complete restoration of the activity it is also
necessary that magnesium ions be present Ill. But in the case of
thiaminase the addition of certain amino acids can not unly
restore the initial activity, Lit sometimes it even yields an
incomparably more active enzyme complex. It is interesting that
w- encounter such "primitiveness" in thiaminase, that "archaic"
enzyme, found only in animal forms ui a low level of organization
and in archaic species of plant organisms (ferns, horsetails).

If some iig.,. has by now "been shed on the question of
what chemical properties thiaminase coenzyme must possess, and
with what groups it reacts in he enzyme protein, it is neverthe-
less completely obscure how it behaves versus the substrate of
the reaction ... thiamine ... and whether it really enters into
en intermediate compound with tne pyramidine moiety of thiamine.

In conclusion, we must note the following. The strong
activation of carp thiaminase by amino acids probably -eans an
Intensification of its anti-thiaminic action. We may believe
that when animals are fed with raw fish of the carp family, the
decomposition-products of the proteins in the intestines will
accelerate the splitting of vitamin BE by thiaminase. It is
possible that the study, under natural conditions, of predatory
fish feeding on the carp tribe will help us to discover the pro-
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tec' 've nechanisms whlich counteract the harmful effect of exogenicQ thiaminase.

W- express our profound gratitude to V. A. Engel'hardt
for his unfailing attention and valuable advice in the carrying
out of this work.

CONCLUSIONS

Many lcw-molecular nitrogenous substances of biological
origin are activatorg of thif-inase; both cyclic and aliphatic
substances. Besides a polar grouping of basic character (nitrogen
in one form or another), all the activators contain in ldition
one other polar grouping, of acid character as a rule.

Of the monocarboxylic amino acids studied, oaly glycine
was found to be inactive. A particularly strong activating effect
was shown by amino acids containing cyclic structures and sulfur;
also by the dlipeptide carnoaineo The dicarboxylic amino acids
were not activators.

For the activating effect to exist, it is not - ussary
0 that the active groupings of the nitrogen compound should be

exclusively in the beta-and meta-positions relative to one ano.r
(the a-amino acids also activate).

The alkaloids nicotine and anabasine also activate
thiaminase, although somewhat differently from the other acti-
vators.

The substitute activators, according to our experiments
with amino acids, compete with the coenzyme for the proteins, the
affinity of the coenzyme for the protein being greater than the
affinity of the substitute activators.

The formation of the active apoenzyne + coenzyme or
npoenzyme + substitute activator complex takes place by way Df
a reaction between sulfhydryl groups of the protein and the
activating agent.

The activity of the apoenzyme + substitute activator
complex is sometimes found to be higher than the activity of the
apoenzyme + coenzyme complex.

Received by Editors,
24 June, 1952.
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NOTE: -

When the present paper was in the press, there appeared
a number of articles dealing with thiaminase (A. Fujita et al,
J. Riol. Chem. 196, 289, 297, 305, 313, 1952). These authors
have tested the effect of different nitrogenous compounds,
synthetic for the most part, on the splitting of thiamine by
thiaminase of different origins. It was discovered that the
splitting of thiamine by the enzyme from a bivalve mollusc and
from a fish of the carp family was accelerated only by synthetic
nitrogen compounds, while the natural substances, such as a-and
,-alanine, phenylalanine, histidine, nicotinic acid and nicotin-
amide had no effect on the reaction.

The reason for the divergences between the Japanese
authors' findings and ours is not yet clear. Possibly it has
something to do with different sources of the enzymes. Besides,
it is incorrect procedure for the authors to investigate the
action of the Raid compounds on the holoenzyme only. It fllzw
from our results that between the natural coenzyme and the sub-
stitute activators there exists a competitive relationship, and
in the presence of the cmenzyme the effect of the latter sub-
stances is little felt. This applies particularly to such acti-
vators as a-and 0-alanine, which increase the activity of the
enzyme to approximately the same level as does the natural coenzyme.

We should mention that the Japanese authors, speaking of
the mutual substituability of coenzymes from different sources,
do not -efer to our similar findings published in the Journal
"Biokhliaiya", 16, 305, 1951.
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Fig. 1. Activation of thiaminase by nicotinic acid and nicotinamidc.
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- Fig. 3. Activation by o- and ?-alanine.
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Figl. 4. Dpreaim of ceozyamtic action by addition of activator .
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X Fig. S. Ccc, tition between coenzyme and I-phenyJalanvie.
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Fig. 6. Change of activating effect to inhibiting effect Ahen autolysate

of yeast u-d acid hydrolysate of Mytius tissue are added to carp tUiiaminasz.
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Fig. 7. Suppressicon of inhibi ting Icc t e r-rcur p-c!1,orobcnzoate.
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Fig. 8. C tItOn betwen es-phcnya'aninr and nrcurv p-chlorothnzote.
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